Summary &mdash; Nucleus colonies (nucs) of = 4 500 honey bees (Apis mellifera L) were evaluated as an alternative to full-size colonies for monitoring pollution impacts. Fifty nucs were deployed at 5 sites along a transect on Vashon Island, Washington. This provided a gradient of exposure to arsenic and cadmium from industrial sources. After 40 d, statistically significant differences were observed among sites for mean mass and numbers of bees (P &le; 0.01), honey yield (P &le; 0.07), and arsenic and cadmium content of forager bees (P &le; 0.001). These findings are discussed in terms of exposure to heavy metals and observed changes in colony dynamics, especially brood rearing and hoarding of pollen, nectar, and honey.
INTRODUCTION
Honey bees (Apis mellifera L) are used to monitor the distribution and impact of various hazardous chemicals, including trace elements, heavy metals, radionuclides, pesticides, and organic contaminants such as polychlorinated biphenyls (Fritzsch and Bremer, 1975;  Bromenshenk, 1979 Bromenshenk, , 1988 Wallwork-Barber et al, 1982; Celli, 1983; Höffel and Müller, 1983; Bromenshenk et al, 1985 ; Anderson and Wojtas, 1986; Morse et al, 1987) . (Bromenshenk et al, 1985; Bromenshenk and Preston, 1986) . For this study, we assessed the feasibility of using small populations of honey bees to identify and quantify responses associated with in situ exposures to environmental contaminants.
MATERIALS AND METHODS
Each 4-frame nucleus hive was one-fourth the size of a standard hive body (19.5 (Bromenshenk et al, 1985) .
Bees shaken from the stock hives were randomly allocated to the nucs based on a table of random numbers (Sokal and Rohlf, 1981 Steel and Torrie (1980) and Sokal and Rohlf (1981) .
Statistical comparisons emphasize the final observation period because: 1), all colonies started with nearly the same number of bees and the same equipment, so there were no statistical differences at the start of the experiment; 2), significant differences by date had to occur since some of the measured components, not present at the beginning of the experiment, only appeared 2 wk later (eg, capped brood was produced, while the amount of uncapped brood correspondingly decreased); 3), more information was available for the initial and last observation periods (eg, total hive weight, weights of bees versus hive components, and chemical residue values); 4), site-specific differences became more pronounced with time (figs, 1, 2).
RESULTS

Colony responses
The nucs were self-sustaining, despite frequent and invasive handling. (fig 2c) . This change was proportionally greater than the 40% reduction in the population size of bees (frame coverage and mass) observed at Site 1 (fig 1 c) . Yet differences in capped honey were only "significant" at the 7% probability level; whereas differences in bee mass were significant at the 1% probability level (Sokal and Rholf, 1981 (Bromenshenk et al, 1985) .
At Site 1, exposed to the highest concentrations of arsenic and cadmium, adult bee populations increased slightly, then declined throughout the experiment. Populations at Site 3, which received the second highest exposure to arsenic and cadmium, displayed population increase and decline (fig 1 c) . Adult bee populations at the sites of lowest exposure to arsenic and cadmium (2, 4 and 5) steadily increased following the emergence of the first brood (fig 1c) .
From the emergence of first-brood adults until the experiment's end, population growth curves at the 3 lowest exposure sites (2, 4, 5) were described by a linear model (fig 1 c) . Growth of bee populations at the high exposure sites (1 and 3) could not be described by a linear model (fig 1 c) (Jeffree, 1958) , but observer bias and subjectivity are difficult to control. This reduces data comparability. Bromenshenk and Lockwood-Ogan (1990) (Bromenshenk et al, 1985) . Since (Bromenshenk et al, 1985 (Dadant and Sons, 1975 (fig 2b) sur le site le plus pollué à l'arsenic et au cadmium par rapport à celui qui l'était le moins. La taille de la population et les productions de miel étaient corrélées négativement (P &le; 0,005) 
